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n Protein memory through altered folding mediated by
intramolecular chaperones. UP Shinde, JJ Liu and
M Inouye. Nature 389, 520–522.
The 77-residue propeptide of subtilisin acts as an
intramolecular chaperone that organises the correct folding of
its own protease domain. Similar folding mechanisms are used
by several prokaryotic and eukaryotic proteins, including
prohormone-convertases. Here, the authors show that the
intramolecular chaperone of subtilisin facilitates folding by
acting as a template for its protease domain, although it does
not form part of that domain. Subtilisin E folded by an
intramolecular chaperone with an Ile48→Val mutation acquires
an ‘altered’ enzymatically active conformation that differs from
wild-type subtilisin E. Although both the altered and wild-type
subtilisins have identical amino-acid sequences, as determined
by amino-terminal sequencing and mass spectrometry, they
bind their cognate intramolecular chaperones with 4.5-fold
greater affinity than non-cognate intramolecular chaperones,
when added in trans. The two subtilisins also have different
secondary structures, thermostability and substrate specificities.
Their results indicate that an identical polypeptide can fold
into an altered conformation through a mutated intramolecular
chaperone and maintains memory of the folding process. Such
a phenomenon, which we term ‘protein memory’, may be
important in investigations of protein folding.
2 October 1997. Nature.
n Modular structure of the trigger factor required for high
activity in protein folding. Toralf Zarnt, Thomas Tradler,
Gerlind Stoller, Christian Scholz, Franz X Schmid and
Gunter Fischer. J. Mol. Biol. 271, 827–837.
The Escherichia coli trigger factor is a peptidyl-prolyl cis/trans
isomerase (PPIase) that catalyses proline-limited protein
folding extremely well. It has been found associated with
nascent protein chains as well as with the chaperone GroEL.
The trigger factor utilises protein regions outside the central
catalytic domain for catalysing refolding of unfolded proteins
efficiently. Here, we produced several fragments, which
encompass individual domains or combinations of the middle
FKBP-like domain (M) with the N-terminal (N) and C-terminal
(C) regions, respectively. These fragments appear to be stably
folded. They show ordered structure and cooperative urea-
induced unfolding transitions, and the far-UV CD spectrum of
the intact trigger factor is well represented by the sum of the
spectra of the fragments. This suggests that the native trigger
factor shows a modular structure, which is composed of three
fairly independent folding units. In the intact protein there is a
slight mutual stabilisation of these units. The high enzymatic
activity in protein folding could not be restored by fusing
alternatively the N-terminal or the C-terminal regions to the
catalytic domain (in NM and MC constructs, respectively).
Surprisingly, the high folding activity of the intact trigger factor
has been regained partially by functional complementation of
the overlapping NM and MC constructs.
5 September 1997. Journal of Molecular Biology.
n Multiple cycles of global unfolding of GroEL-bound
cyclophilin A evidenced by NMR. Sabine E Nieba-
Axmann, Marcel Ottiger, Kurt Wüthrich and Andreas
Plückthun. J. Mol. Biol. 271, 803–818.
GroE, the chaperonin system of Escherichia coli, prevents the
aggregation of partially folded or misfolded proteins by
complexing them in a form competent for subsequent folding
to the native state. We examined the exchange of amide
protons of cyclophilin A (CypA) interacting with GroEL, using
NMR spectroscopy. We have applied labelling pulses in H2O
to the deuterated GroEL–CypA complex. When ATP and
GroES were added after the labelling pulse, refolding of CypA
could be accelerated to rates comparable to the amide proton
exchange. This allowed the calculation of protection factors
(PF) for the backbone amide protons in the GroEL-bound
substrate protein. A set of highly protected protons in the
native state (PF 105–107) was observed to be much less
protected (PF 102–104) in complex with GroEL and, in contrast
to the native structure, the protection factors were found to be
quite uniform along the sequence suggesting that CypA with
native-like structure undergoes multiple cycles of unfolding
while bound to GroEL, which are faster than unfolding in free
solution. Because of the small sequence dependence of the
protection factors, unfolding must be global and in this way the
chaperone appears to resolve off-pathway intermediates and to
support protein folding by annealing. Although in the complex
with GroEL native-like states still predominate over globally
unfolded states, this equilibrium is shifted 102–104-fold toward
the unfolded state when compared to CypA in free solution.
Repeated global unfolding may be a key step in achieving a
high yield of correctly folded proteins.
5 September 1997. Journal of Molecular Biology.
n Statistical potentials extracted from protein structures:
are these meaningful potentials? A Ben-Naim. J. Chem.
Phys. 107, 3698–3706.
An inventory of factors that determine the stability of proteins
is presented. It is shown that the (true) potential of mean force
between pairs of amino acid residues does not belong to this
inventory. Therefore, such quantities are not needed for either
estimating the stability of a protein or for predicting its
structure. It is also shown that the so-called ‘statistical
potential’ as derived from the data bank of protein structures is
neither the potential nor the potential of mean force for pairs
of amino-acid residues. A critical examination of the
nonadditivity of the many body potential of the mean force is
also presented.
1 September 1997. Journal of Chemical Physics.
n Relations of the numbers of protein sequences,
families and folds. Chun-Ting Zhang. Protein Eng. 10,
757–761.
The relations among the numbers of protein sequences,
families and folds have been studied theoretically. It is found
that the number of families is related to the natural logarithm
of the number of sequences. The logarithmic relation should
not be changed regardless of what value of the homology
threshold is applied in the protein sequence comparison
routines. To study the relation between the numbers of
families and folds, the degenerate degree of a fold has been
introduced. The degenerate degree of a fold is the number of
protein families that adopt the same fold. The distribution of
the degenerate degrees of folds is likely to be exponential.
Based on the distribution, the average degenerate degree d
–
is
calculated. The number of folds is simply equal to that of
families divided by the average degenerate degree of folds
calculated. It is shown that d
–
is an increasing function of time.
The current value of d
–
is ~2. It will continue to increase and
reach the value of at least 3.3 in some years. By using the
above result, the numbers of protein folds for four species have
been estimated. In particular, the number of folds for human
proteins is estimated to be < 5200.
July 1997. Protein Engineering.
n Similarities and differences between nonhomologous
proteins with similar folds: evaluation of threading
strategies. Baohong Zhang, Lukasz Jaroszewski, Leszek
Rychlewski and Adam Godzik. Fold. Des. 2, 307–317.
A set of 68 pairs of proteins with similar folds and sequence
identity in the 8–30% range is identified from the literature.
For each pair, the energy of one protein, calculated using
knowledge-based statistical potentials, is compared to the
estimated energy, calculated with the same potentials but
using the structural information (burial status and interaction
pattern) of another protein with the same fold. Different
energy estimates, corresponding to approximations used in
various fold recognition algorithms, are calculated and
compared to each other, as well as to the correct energy. It is
shown that the local energy terms, based on burial and
secondary structure preferences, can be reliably estimated with
an accuracy close to 70%. At the same time, the two-body
nonlocal energy loses over 60% of its value due to the
repacking of the structure. Further approximations, such as the
‘frozen approximation’, can bring it to an essentially random
value. Local energy terms could be used safely to improve fold
recognition algorithms. To utilise pair interaction information,
specially designed pair potentials and/or a self consistent
description of pair interactions is necessary.
12 September. Folding & Design.
n Analysis of protein-protein interaction sites using
surface patches. Susan Jones and Janet M Thornton.
J. Mol. Biol. 272, 121–132.
Protein–protein interaction sites in complexes of known
structure are characterised using a series of parameters to
evaluate what differentiates them from other sites on the
protein surface. Surface patches are defined in protomers from
a data set of 28 homodimers, 20 different heterocomplexes
(segregated into large and small protomers), and antigens from
six antibody–antigen complexes. Six parameters (solvation
potential, residue interface propensity, hydrophobicity,
planarity, protrusion and accessible surface area) are calculated
for the observed interface and all other surface patches defined
on each protein. A ranking of the observed interface patch and
all other surface patches defined on each protein. A ranking of
the observed interface, relative to all other surface possible
patches, is calculated. With this approach it becomes possible
to analyse the distribution of the ranking of all the observed
patches, relative to all other surface patches, for each data set.
For each type of complex, none of the parameters were
definitive, but the majority showed trends for the observed
interface to be distinguished from other surface patches.
1 September. Journal of Molecular Biology.
n Crystal structure of a Hedgehog autoprocessing
domain: homology between Hedgehog and
self-splicing proteins. Traci M Tanaka Hall, Jeffery A
Porter, Keith E Young, Eugene V Koonin, Philip A Beachy
and Daniel J Leahy. Cell 91, 85–97.
The ~25 kDa carboxy-terminal domain of Drosophila Hedgehog
protein (Hh-C) possesses an autoprocessing activity that results
in an intramolecular cleavage of full-length Hedgehog protein
and covalent attachment of a cholesterol moiety to the newly
generated amino-terminal fragment. We have identified a
17 kDa fragment of Hh-C (Hh-C17) active in the initiation of
autoprocessing and report here its crystal structure. The Hh-
C17 structure comprises two homologous sub-domains that
appear to have arisen from tandem duplication of a primordial
gene. Residues in the Hh-C17 active site have been identified,
and their role in Hedgehog autoprocesing probed by site-
directed mutagenesis. Aspects of sequence, structure, and
reaction mechanism are conserved between Hh-C17 and the
self-splicing regions of inteins, permitting reconstruction of a
plausible evolutionary history of Hh-C and the inteins.
3 October 1997. Cell.
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n De novo protein design: fully automated sequence
selection. Bassil I Dahiyat and Stephen L Mayo. Science
278, 82–87.
The first fully automated design and experimental validation
of a novel sequence for an entire protein is described. A
computational design algorithm based on physical chemical
potential functions and stereochemical constraints was used to
screen a combinatorial library of 1.9 × 1027 possible amino acid
sequences for compatibility with the design target, a ββα
protein motif based on the polypeptide backbone structure of a
zinc finger domain. A BLAST search shows that the designed
sequence, full sequence design 1 (FSD-1), has very low identity
to any known protein sequence. The solution structure of FSD-1
was solved by nuclear magnetic resonance spectroscopy and
indicates that FSD-1 forms a compact well-ordered structure,
which is in excellent agreement with the design target structure.
This result demonstrates that computational methods can
perform the immense combinatorial search required for protein
design, and it suggests that an unblased and quantitative
algorithm can be used in various structural contexts.
3 October 1997. Science.
n Functional rapidly folding proteins from simplified
amino acid sequences. David S Riddle, Jed V Santiago,
Susan T Bray-Hall, Nikunj Doshi, Viara P Grantcharova,
Qian Yi and David Baker. Nat. Struct. Biol. 4, 805–809.
Early protein synthesis is thought to have involved a reduced
amino acid alphabet. What is the minimum number of amino
acids that would have been needed to encode complex protein
folds similar to those found in nature today? Here, we show
that a small β-sheet protein, the SH3 domain, can be largely
encoded by a five letter amino acid alphabet, but not by a
three letter alphabet. Furthermore, despite the dramatic
changes in sequence, the folding rates of the reduced alphabet
proteins are very close to that of the naturally occurring SH3
domain. This finding suggests that despite the vast size of the
search space, the rapid folding of biological sequences to their
native states is not the result of extensive evolutionary
optimization. Instead, the results support the idea that the
interaction which stabilises the native state induce a funnel
shape to the free energy landscape sufficient to guide the
folding polypeptide chain to the proper structure.
October 1997. Nature Structural Biology.
n Acid-induced unfolding of cytochrome c at different
methanol concentrations: electrospray ionisation mass
spectrometry specifically monitors changes in the
tertiary structure. Lars Konermann and DJ Douglas.
Biochemistry 36, 12296–12302.
The acid-induced denaturation of ferricytochrome c (cyt c) was
examined in aqueous solutions containing different
concentrations of methanol by electrospray ionisation mass
spectrometry (ESI MS) and optical spectroscopy. In ESI MS
different protein conformations in solution are monitored by
the different charge state distributions they generate during
ESI. The ESI mass spectra recorded at near-neutral pH for
both methanol concentrations are very similar and show a
maximum at (cyt c + 8H+)8+. Despite the different
conformations of the protein in solution, the acid-denatured
states for the two methanol concentrations also show very
similar mass spectra with a maximum at (cty c + 17H+)17+. This
indicates that the charge state distribution generated during
ESI is not sentive to the differences in the secondary structure
of the denatured protein. The observed transition from low to
high charge states is due to the breakdown of the tertiary
structure in both cases. These findings suggest that ESI MS
might be a general method to selectively monitor changes in
the tertiary structure of proteins.
11 July 1997. Biochemistry.
n Thermodynamics of the complex protein unfolding
reaction of barstar. Vishwas R Agashe, Franz X Schmid
and Jayant B Udgaonkar. Biochemistry 36, 12288–12295.
The complex unfolding reaction of barstar has been
characterised by studying the apparent rate of unfolding,
monitored by intrinsic tryptophan fluorescence, as a function
of temperature and guanidine hydrochloride (GdnHCl)
concentration. To confirm that a burst phase change in
fluorenscence indeed accompanies unfolding at low
temperature, unfolding studies were also carried out on a
marginally destabilized mutant form of barstar for which the
burst-phase change in fluorescence is shown to be as high as
70%. These results confirm a previous report, in which the
detection of a burst-phase change in circular dichroism at
222 nm during unfolding at 25ºC led to the inclusion of a
rapidly formed kinetic intermediate, IU, on the unfolding
pathway. The results indicate that IU has a specific heat
capacity similar to that of the fully folded sate (F) and
therefore suggests that IU is as compact as F, with practically
no exposure of the hydrophobic core. On the other hand, the
transition state of unfolding has a 45% greater heat capacity
than F, indicating that significant hydration of the hydrophobic
core occurs only after the rate-limiting step of unfolding.
7 October 1997. Biochemistry.
n Binding of the nucleocapsid protein of type 1 human
immunodeficiency virus to nucleic acids studied using
phosphorescence and optically detected magnetic
resonance. Jie Q Wu, Andrzej Ozarowski, August H Maki,
Maria A Urbaneja, Louis E Henderson and Jose R Casas-
Finer. Biochemistry 36, 12506–12518.
The binding of p7 nucleocapsid protein of type 1 human
immunodeficiency virus (HIV-1) to various oligonucleotides
and polynucleotides has been investigated by
phosphorescence and optically detected magentic resonance
(ODMR) spectroscopy. Complex formation produces a red-
shift of the phosphorescence 0.0 band (∆E0.0) as well as a
reduction of the zero field splitting (zfs) D parameter. Increases
of ∆E0.0 (A < C < U < G < I) rank with increasing binding
affinity to nucleic acid homo-oligomers (A ~ C < U < U ~ I). It
is proposed that the magnitude of the shift reflects the extent
of aromatic stacking interactions. We propose also that ∆D
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increases not only with aromatic stacking but also with the
extent of charge transfer (CT) character admixed into the
triplet state the quantity of ∆D/∆E0.0 correlates with the
electron affinity of the bases (G < A < C < U ~ T), suggesting
that this quantity reflects the extent of CT character admixed
with the triplet state by the aromatic stacking interaction.
14 October 1997. Biochemistry.
n Probing the proximity of the core domain of an HIV-1
Tat fragment in a Tat-TAR complex by affinity cleaving.
Ikramul Huq and Tarig M Rana. Biochemistry 36,
12592–12599.
Transactivation of human immunodeficiency virus (HIV) gene
expression depends upon the interaction of the viral regulatory
protein Tat with the transactivation responsive region (TAR)
RNA, a 59-base stem–loop structure located at the 5′-end of all
mRNAs. We have used a site-directed RNA cleaving strategy
to determine the neighborhood of the core domain of a Tat
fragment in the Tat–TAR complex. We synthesised a 35
amino acid fragment containing arginine-rich RNA-binding
domain of Tat(38–72) and attached an EDTA analog to its
amino terminus. This sequence-specfic RNA-binding peptide
was converted into a sequence-specific RNA-cleaving peptide
by the addition Fe(II) salt, ascorbate and H202. Hydroxyl
radicals generated from the tethered Fe(II) cleaved the TAR
RNA backbone in two localised regions. Site-specific cleavage
of TAR RNA was observed at the bugle residues (U23, C24
and U25), in the loop region (G34 and A35), and at the strand
opposite the bulge (U40 and C41). These results demonstrate
that, in the three dimensional structure of the Tat–TAR
complex, the Phe38 of Tat(38–72) is located in the proximity
of the bulge region and two nucleotides form the loop
sequence
14 October 1997. Biochemistry.
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